ABSTRACT Pregnancy is a condition of modulated immune suppression, so this group of patients has increased risk of infectious diseases.
Introduction
In medical practice, immunogenicity of influenza vaccines is more apparent than their safety, although both characteristics are indicative of their epidemiological and clinical safety. Pregnancy is a condition of modulated immune suppression; therefore, this group of patients has increased risk of infectious diseases [1] . The low vaccination rates of pregnant women officially recommended in the Russian Federation since 2009 necessitate further investigation of the efficacy of influenza vaccine prophylaxis in this patient population. There have been several studies that have demonstrated the safety of vaccination during the second and third trimesters of pregnancy, and even during the first trimester, in the presence of risks without any attributable adverse fetal, perinatal or infant outcomes [2] , particularly in women with a complicated premorbid background (especially asthma and diabetes) [3] [4] [5] [6] [7] . A combination of cardiac, respiratory, hormonal and immunological changes accompany pregnancy, which impair responses to infection and increase the likelihood of serious complications requiring hospitalisation [8, 9] . Furthermore, several large-scale studies have reported an inverse relationship between maternal vaccination and stillbirth (risk ratios 0.56, 0.66, 0.59-0.74, 0.77 and 0.79) [10] [11] [12] [13] [14] , although only some of these inverse relationships reached statistical significance. The mechanisms that increase the risk of serious complications from influenza during pregnancy are incompletely understood.
Whereas the safety of vaccination has been evaluated in almost all studies, its immunogenicity is assessed significantly less frequently, but studies that have directly compared adjuvant and non-adjuvanted vaccines are insufficient [15] [16] [17] [18] . Furthermore, it is known that immunological responses generated by influenza immunisation are comparable in pregnant and non-pregnant women and can provide protection to the fetus and infant by transferring specific antibodies across the placenta [19] and in breast milk [20] . Data are insufficient with regard to the scale of antibody production in pregnant women following administration of adjuvant-containing subunit vaccines. This is particularly important, because one of these polymeric-subunit vaccines takes priority in the Russian Federation, being one of the first adjuvant vaccines worldwide to be recommended for pregnant women [21] .
The goal of this study was to perform a comparative immunogenicity analysis of different subunit influenza vaccines in pregnant women.
Methods

Study design and population
This study was a prospective, randomised, open-label, comparative, parallel-group trial in pregnant women conducted in accordance with the approved Protocol of the Russian Federation National Standard, SISS R 52379-2005 "Good Clinical Practice", and the international Good Clinical Practice guidelines [22] . The study was also in agreement with the ethical norms and recommendations of the World Health Organization (WHO) and the Ministry of Health and Social Development of the Russian Federation, as well as study protocols approved by the Scientific Council of the Federal State Budget-funded Establishment Scientific Research Institute of Vaccines and Sera named after I.I. Mechnikov of the Russian Academy of Medical Sciences (Moscow) and the Ethics Committee of the Ulyanovsk State University (Protocol No. 2 from January 18, 2010) [21, 23] .
Data sources
Patients were recruited in the Ulyanovsk region of the Russian Federation from August 2010 tо March 2012. Signed informed consent was received from all participants. Groups of pregnant women that participated in the clinical study were formed during the outpatient medical check-up of women during primary and repeated ( planned) consultation by obstetrician-gynaecologists. Selection of candidates for vaccination was carried out in the maternity welfare centre and perinatal centre in Ulyanovsk, as well as in the central district hospitals of Mayn and Tereng in the Ulyanovsk region. Vaccination was carried out at the local place of obstetric-gynaecological monitoring of the pregnant woman.
Inclusion criteria
Inclusion criteria were as follows. 1) Healthy pregnant women aged 20-40 years. 2) Volunteers capable of fulfilling the protocol requirements (i.e. able to fill in the self-observation diary and turn up for the scheduled visits). 3) Signed informed consent of the volunteers to participate in the clinical study.
Exclusion criteria
Exclusion criteria were as follows. 1) History of leukaemia, oncological conditions or positive tests for HIV, hepatitis B and C. 2) Volunteers who had received immunoglobulin preparations or blood transfusions within the last 3 months prior to the study. 3) Long-term (>14 days) administration of immunodepressants or other immunomodulating drugs within the last 6 months prior to the study. 4) Any confirmed or suspected immunosuppressive or immunodeficiency disorder. 5) History of chronic alcohol abuse and/or substance abuse. 6) Presence of respiratory or cardiovascular insufficiency, or hepatic or renal impairment, revealed during physical examination or by laboratory tests at visit 1. 7) Severe congenital defects or serious chronic diseases including any clinically significant diseases of the lungs, kidneys, cardiovascular system or nervous system, psychiatric diseases or metabolic disorders confirmed by anamnestic data or objective clinical examination. 8) Presence of acute infectious and/or non-infectious diseases at the time of enrolment in the study. 9) Women who had influenza or influenza-like illnesses, or vaccination against influenza, within 1 year before the onset of pregnancy. 10) Pregnancy via an in vitro fertilisation procedure.
Clinical characteristics of observation groups
We followed up 37 pregnant women administered the Agrippal S1 non-adjuvanted vaccine (Novartis Vaccines and Diagnostics, Siena, Italy) (group I), as well as 42 pregnant women immunised with the trivalent inactivated polymeric-subunit preparation Grippol Plus (adjuvanted vaccine) (NPO Petrovax Pharm LLC, Moscow, Russia) (group II). Vaccination was given as a single injection in weeks 16-30 of a physiological pregnancy. To assess the clinical safety of vaccination, a third group of pregnant women was selected to receive a placebo (group III). As a placebo, we used phosphate-buffered saline (GlaxoSmithKline Biologicals, Rixensart, Belgium), which is used as a diluent for lyophilised vaccines and was administered once. The mean±SD ages of groups I, II and III were 27.8±0.6, 23.3±0.4 and 24.1±0.3 years, respectively. When assessing the general state of the women's health, we were guided by current and anamnestic data on infectious and somatic diseases, and obstetric history. The clinical characteristics of the comparison groups are shown in table 1. The analysis of the premorbid conditions diagnosed in enrolled pregnant subjects yielded rather high levels of hypochromic anaemia (45%), thyroid disorders (21-27%), vegetative dysfunction (a Russian diagnosis for the group of mild undiagnosed neurological diseases such as panic attack, depression or anxiety disorders) (23-24%), threatening spontaneous abortion (32-35%), and active forms of chronic genitourinary infections verified by PCR (35%). There were no significant differences in initial clinical status between the observed groups.
Monitoring of pregnant women before and after the vaccination was carried out integrally with obstetrician-gynaecologists in accordance with the requirements of the Order of the Ministry of Health and Social Development of the Russian Federation No. 808n of 02.10.2009 "On the Approval of the Procedure for Obtaining Obstetric-Gynecological Care". Before the vaccination, after obtaining signed informed consent from the woman to participate in the clinical trial, a general laboratory examination was conducted, including blood sampling for general analysis, biochemical parameters and a general urine test. In the absence of deviations from the normative values, a pregnant woman was invited to receive immunisation against influenza.
Clinical safety assessment
Clinical safety of vaccination was assessed by analysis of the development of local and systemic reactions in the early (0-7 days) and late (8-30 days) periods after vaccine administration. In addition, the characteristics of pregnancy and delivery outcomes were given.
Serological methods of research and terms of their conduct
Venous blood samples were tested in pregnancy weeks 16-30 before immunisation, and at 1 month, 3 months, 5-6 months ( post partum days 2-3) and 8-9 months ( post partum day 90) after immunisation. Antibodies to influenza А and В viruses were detected in the haemagglutination inhibition assay using Data are presented as n or n (%). Note that p>0.05 for the differences between the compared groups.
https://doi.org/10.1183/23120541.00060-20170.75% cock erythrocyte suspension following preliminary heating of the tested sera to 56°С for 1 h (to remove nonspecific inhibitors and improve assay sensitivity). The antigens used included the vaccine strains A(H1N1, California 7, 2009), А(H3N2, Victoria) and В(Brisbane).
Vaccine preparations
The difference between the studied vaccines was in the presence of the water-soluble high-molecular-weight immunoadjuvant Polyoxidonium included in the Grippol Plus vaccine (500 mg per 0.5 mL, which is one immunising dose), which allowed a three-fold reduction in the content of influenza virus H-antigens (to 5 mg) compared with the imported reference non-adjuvanted vaccine. The antigenic composition of the administered products met the WHO and European Union recommendations for a 2010-2011 and 2011-2012 seasonal vaccine. The strain composition of all influenza vaccines was the same in those seasons.
Polyoxidonium is well established as an adjuvant in different in vivo and in vitro studies, especially among patients with immune suppressed conditions [24] . Different studies have demonstrated good tolerability of adjuvanted vaccine and no effect on fetus or child development [25] [26] [27] .
Definitions
Since no conventional immunogenicity criteria are currently available for a vaccine for pregnant women and for patients at high risk for development of severe influenza infection forms, we employed the standard efficacy criteria for adult patients recommended by the Committee for Proprietary Medicinal Products (CPMP), which are as follows. 1) The seroprotection level (the proportion of immunised patients with haemagglutinin inhibiting antibody (HIAB) titres ⩾1:40 by post-vaccination day 21) must be ⩾70%.
2) The seroconversion level or immunologically active vaccine (the relative number of immunised patients with HIAB titres increasing more than four-fold compared with baseline for all individuals achieving immunoprotection) must be ⩾40%.
3) The seroconversion factor or geometric mean increase (elevation of geometric mean HIAB titres on day 21 compared with baseline) must be at least 2.5-fold. A vaccine is considered immunogenic and effective if it meets at least one of the three listed criteria. Pregnant women with HIAB titres over 1:20 but lower than 1:40 were viewed as seropositive (vaccine responders with low specific immunity levels).
Statistical analysis
Obtained data were analysed using descriptive statistical methods, following preliminary use of Thompson's rule. Significance of differences in quantitative parameters for obtained data was calculated using Wilcoxon's nonparametric test for independent samples. The AtteStat10 statistical application package was utilised. The seroconversion factor was determined by obtaining the logarithm for the geometric mean of a data set (Microsoft Excel 2003).
Results
Clinical safety of vaccination
The clinical course of the early post-vaccination period in pregnant women vaccinated against influenza is reflected in table 2. It should be noted that the difference between the vaccinated and placebo groups in the development of local reactions was for reactions that did not require the prescription of any medication and disappeared on their own after several days, without causing disruption of the patient's activity. The incidence of systemic reactions in the first week after vaccination was higher than that of local reactions, but was comparable between vaccinated groups and did not exceed the values obtained in the placebo group. The appearance of a cough or sore throat in all groups of patients characterised the appearance of a respiratory infection.
The late post-vaccination period in pregnant women was characterised mainly by the registration of systemic reactions, without significant differences among the observed groups (table 3) . At the same time, the probability of occurrence of such symptoms as fatigue, headache, dizziness and abdominal pain prevailed over other common symptoms that characterise the well-being of pregnant women.
Pregnancy outcomes
In most cases in the observation groups (85.4-94.6%), the pregnancy ended with physiological birth (table 4) .
In some women the pregnancy ended prematurely, with the birth of premature babies (2.7-9.8%). Cases of the birth of children with neurological pathology of the perinatal period, mainly associated with gestational immaturity, were also described (7.3-9.5%). The syndrome of intrauterine infection was registered (2.7-7.3%), as were anomalies and malformations (2.4-4.9%).
Post-vaccination immunity
The baseline and pre-immunisation anti-influenza A virus antibody concentrations were found to be the same in the pregnant subjects (table 5) . It should be mentioned that prior to influenza immunisation, we detected some pregnant women who had rather high baseline antibody levels (⩾1:40), ensuring efficient protection from probable development of infection. In particular, the proportions of patients achieving seroprotection were found to be 16.2% and 9.5% for seroprotection against the А(H1N1) strains in groups I and II, respectively ( p<0.05); 18.9% and 19.0% against the А(H3N2) strains in groups I and II, respectively; and 48.7% and 23.8% against the В(Brisbane) strain in groups I and II, respectively ( p<0.01). Data are presented as n or n (%). Note that p>0.05 for the differences between the compared groups. The geometric mean titre in the compared groups was below the conditionally protective level for antibodies to the influenza A virus strains and higher than that level for antibodies to the influenza B virus strain, being 22.9±0.2 in group I and 14.8±0.3 in group II ( p<0.05). At 1 month and at 3 months post immunisation, the proportions of pregnant women seropositive to all influenza virus strains were found to be significantly increased regardless of the study arm (table 5) . Differences were observed in the number of women seropositive to the А(H3N2) strain at 5-6 months post immunisation (i.e. on the very first postnatal days) (62.1% for group I and 78.3% for group II) ( p<0.05) and at 8-9 months after vaccination (at 3 months post partum) (51.3% for group I and 71.4% for group II) ( p<0.05).
Seroprotection against the influenza A and B virus strains intensifies significantly during the post-immunisation period, retaining almost the same values at 8-9 months after administration of either : must be ⩾40%; ## : must be ⩾2.5. *: p<0.05 for differences between the compared groups; **: p<0.01 for differences between the compared groups; ƒ : p<0.05 for differences between 1 month post immunisation and 8-9 months post immunisation inside the reference group; ƒƒ : p<0.01 for differences between 1 month post immunisation and 8-9 months post immunisation inside the reference group.
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Increased geometric mean titres of antibodies to all influenza virus strains were observed in the post-immunisation period in pregnant subjects. Pregnant women immunised with non-adjuvanted vaccine had lower geometric mean titres for antibodies to the А(H3N2) strain at 1 month, 3 months and 5-6 months post immunisation than those in subjects immunised with adjuvanted vaccine; however, the geometric mean titres for antibodies to the influenza B strain registered at the same time-points (1 month, 3 months and 5-6 months) were higher (table 5).
The seroconversion level for the analysed influenza virus strains at 1 month after immunisation was higher than 40% in both study groups (which meets the CPMP criteria), although the group I level of anti-А(H3N2) seroconversion was lower (51.3%) than that in group II (71.4%) (p<0.05).
Among immunised pregnant women, the seroconversion factor also exceeded, more than 2.5-fold, the efficacy level recommended for vaccines, with the highest value (9.2) obtained for the А(H3N2) strain in group II (versus 4.7 in group I; p<0.05).
The proportion of subjects seronegative to the evaluated influenza strains, А(H1N1), A(H3N2) and В(Brisbane), did not exceed 21.6% for group I and 17.5% for group II during the first month post immunisation.
Discussion
Assessment of the clinical picture of pregnant women subject to vaccination, as well as placebo groups, showed the presence of concomitant somatic pathology, which does not differ from the indices of other authors [28] [29] [30] . These indicators in the post-vaccination period were not taken into consideration. Similar premorbid backgrounds were observed in the two study groups, which permitted a comparative qualitative analysis of the clinical tolerability and immunological efficacy of the influenza immunisation. There was the same high proportion of women with underlying comorbidities in both groups, but these women were not registered in any clinics as patients with chronic diseases. There were no outbreaks of these diseases during the pregnancy. If we assume that these comorbidities could influence the efficacy of vaccination, the data would be affected in both groups.
The introduction of subunit vaccines to pregnant women, regardless of the production technology, was accompanied in the first week by the development of local reactions more often than in the placebo group. At the same time, the frequency, severity and duration of these reactions did not differ between the compared vaccinated groups. However, it is important to note that these reactions were rare when the placebo phosphate-buffered saline solution was administered. The frequency of development of systemic reactions did not differ between groups of pregnant women vaccinated with unadjusted and adjuvant preparations against influenza, and these systemic reactions were often subjective in nature and their interrelation with immunisation is unlikely. In favour of this argument is their similar development after the injection that did not contain vaccine strains ( placebo group) [31, 32] . Registration of cough or sore throat, regardless of the administration of vaccine preparations and water-salt solution, cannot be considered as a negative effect of vaccinations but rather as a coincidence of circumstances with the simultaneous appearance of respiratory infections of the upper respiratory tract.
The emergence of systemic reactions in the late post-vaccination period can be regarded as background symptoms accompanying the course of pregnancy. In addition, they differ little from those that occurred in the early period after immunisation. Cough or sore throat signified the appearance of respiratory infections, which proceeded in mild form; the treatment consisted mainly of local application of decongestants or irrigation of the oral cavity with antiseptic solutions, without development of complications. The described symptoms and complaints made by pregnant women were not regarded as side-effects of vaccination and did not affect the subsequent course of pregnancy.
Despite the fact that the teratogenic effect on the development of the fetus of subunit vaccines against influenza, including those containing adjuvants, has been previously studied, it was of interest to estimate the outcome of pregnancy after vaccines in the second and third trimesters. It should be noted that the physiological births in the groups administered with both vaccines met with the same frequency, not differing from the placebo group, and coincided with the frequency of this indicator recorded in the Ulyanovsk region where this study was conducted. This outcome was due to obstetric pathology, which had no link with previous vaccination. Note that the congenital anomalies and malformations among vaccinated and unvaccinated ( placebo) pregnant women were the same. The frequency of anomalies and malformations among the observed groups did not differ from the mean values for the Ulyanovsk region (3.8-5.9%).
The baseline concentrations of antibodies to the evaluated influenza А and В virus strains demonstrated that some of the subjects had conditionally protective titres defining the seropositive state, as evidence of a previous infection, although it was not approved by documentation and collected anamnesis of patients. The obtained results demonstrate a prolonged circulation of this virus resulting in annual epidemic outbreaks [33] . Since in each group there was almost the same number of pregnant women with initially protective antibodies to strains of the influenza A and B viruses, and also due to their small number, it was considered inappropriate to separate them into separate subgroups.
Despite the differences in the concentrations of initially protective levels of antibodies to influenza A(H1N1) and B virus strains in the observed groups, after immunisation the growth of specific antibodies to all vaccine strains, regardless of the drug administered, was noted. It should be emphasised that pregnant women who received an adjuvant vaccine had antibody levels to the A(H3N2) influenza virus that were 22.7%, 24.3% and 20.1% higher at 1, 3 and 8-9 months, respectively, than subjects immunised with a non-adjuvanted vaccine. The levels of antibodies to the strain of influenza B virus were registered higher by 16.3% at 5-6 months after vaccination of pregnant women with an unadjusted vaccine, but after 8-9 months these differences were levelled. Nevertheless, by analysing the levels of protection against influenza in vaccinated pregnant women with one of the two vaccines, a fairly strong seroprotection can be observed within 8-9 months after immunisation.
The study of the average geometric antibody titres in the observation dynamics showed differences in the values of the A(H3N2) influenza virus among pregnant women vaccinated with an immunoadjuvant preparation, in which they were higher in comparison with the pregnant women receiving the unadjusted vaccine. Conversely, the average geometric titres of antibodies to the influenza B virus strain were higher at all observation times in subjects vaccinated with a conventional subunit vaccine. It is important to note that these differences disappear 8-9 months after immunisation, regardless of the vaccine used. It is interesting that there were no differences between the groups according to the average geometric titres of antibodies to the strain of the A(H1N1) virus.
Despite the fact that the levels of seroprotection, determined at 1 month and 8-9 months after immunisation, did not differ statistically, except for the A(H1N1) strain in group I, the average geometric amount of antibodies received in 8-9 months was lower, regardless of the vaccine used, except for the A(H3N2) virus strain in group I and A(H1N1) in group II, which corresponded to the antibody level after 1 month after vaccination.
The level and seroconversion factor reflecting the increase in antibody titres after immunisation against influenza were high during the first month after vaccination in both study groups, although there were some differences (a relatively lower increase in antibody titre after the first month after immunisation against influenza A(H3N2) in group I). Thus, the administration of subunit influenza vaccines to women in the second and third trimester of pregnancy does not lead to the development of unusual phenomena that cause a complicated course of pregnancy. In the post-vaccination period, a symptomatic complex of systemic reactions was most often associated with the psychoemotional state of pregnant women, due to the fear of the possible development of an adverse effect of vaccination. After vaccination, antibodies to all strains of the influenza virus were observed at a conventionally protective level with an increase to 64.8-94.5% after immunisation with the subunit vaccine and to 72.5-90.0% after the administration of the immunoadjuvant vaccine. Although the number of cases of seropositive pregnant women declined in the post-immunisation period, we demonstrated that the majority of subjects immunised against influenza were still protected from three strains of the influenza virus 8-9 months after vaccination (the proportions changed to 51.3-72.9% in group I and to 54.2-74.2% in group II). Another interesting result was that during the epidemic season, there were no cases of influenza among the immunised.
In conclusion, the most advanced trivalent subunit anti-influenza vaccines, Agrippal S1 and Grippol Plus, are an effective means of specifically preventing influenza for pregnant women, in full compliance with the requirements of the CPMP. The immunogenicity of subunit influenza vaccines in pregnant subjects is confirmed by the fact that 1 month after vaccination, a high level of seroprotection, seroconversion and high intensity of influenza immunity are provided. After the introduction of an immunoadjuvant vaccine with a reduced amount of antigens (5 μg of each of the influenza virus strains), the criteria for CPMP were fully met for all strains of the influenza virus included in the vaccine. 
